priori knowledge about the structure and response, and independent of the analysis method, we can halve the computational cost in the price of trivial loss of accuracy.
INTRODUCTION
Earthquakes are of the most potentially destructive phenomena. Despite the considerable progress, in anti-seismic analysis and design, there exist ambiguities in reliable protection against earthquakes, specially, for the current complicated architectural and structural designs. Considering this, besides the stochastic nature of strong ground motions, a main stage in advanced anti-seismic design is time history analysis against several appropriately selected earthquake records, somehow putting the effects together, and controlling, the adequacy of the resulting structural behavior. Direct time integration is the most versatile tool for time history analysis [1, 2] , according to which, after discretization in space [3] [4] [5] , and arriving at       f define the initial status of the model; also see [6] ; and, Q represents some restricting conditions, e.g. additional constraints in problems involved in impact or elastic-plastic behavior [7, 8] ), Eqs.
(1) need to be analyzed for several strong ground motion (several   t f ) [9] [10] [11] . Time integration analyses are not only versatile, but also simple. However, the price is inexactness and computational expensiveness. The most important parameter to control the inexactness and computational cost, also acting as the algorithmic parameter [12] , of time integration, is the integration step size, t  [13] ; in seismic analyses, generally constant throughout the integration [1, 14] . Because of this significance and the fact that the effect of t  on the inexactness and computational cost is adverse, assigning an appropriate value to t  plays an important role in the efficiency and adequacy of integration and time history analyses. A current comment in this regard is as noted below [14] [15] [16] (2) where, T is the smallest dominant period of the response, t s  is the maximum step size, providing numerical stability for linear analyses, and t f  is the step size, by which, the earthquake record is digitized.
Recently, based on the basic essentiality of numerical computations, i.e. convergence [17, 18] , a technique is proposed, for reducing the effect of t f  , in Eqs. (2) , such that the analyses can be carried out with considerably less computational cost, with practically unchanged accuracy [19] ; several theoretical studies and numerical investigations are carried out regarding the technique [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] , successfully. In continuation, in this study, attention is paid to the social and practical importance of low to mid-rise residential buildings, and the performance of the technique in time integration analysis of thirty five-to twenty-story buildings (with different structural systems and geometries) are studied in detail. In Section 2, the structural systems, the excitations, and the analyses details are set. In Section 3, the outcome of the analyses, once, when implementing the technique, and once, when not implementing the technique, are compared. In Section 4, the observations are discussed, and finally, with a brief set of the achievements, the paper is concluded, in Section 5.
The structures of thirty residential buildings
Consider buildings with five, ten, fifteen, and twenty floors, two identical horizontal axes of symmetry, the geometries addressed in Table 1 (only the cases in a vertical column are considered together in a building), and the three structural systems: (a) lateral resistance by moment resisting frames, (b) lateral resistance by bracings, and (c) lateral resistance by moment resisting frame and bracings (cases (a) and (b) are not considered for buildings with twenty floors [11] ; for the bracings configuration, see Figure 1 [32] ). In view of the selections, stated in Table 2 , the structural systems are designed, according to the Iranian codes [11, 33] , considering their linear behaviors, when subjected to two two-component strong motions selected in consistence with the design codes (see Figure 2) . Table 2 : Main details of the structural design. Top displacement and base shears are considered as the responses under interest and the average acceleration method of Newmark [1, 14, 34] is set as the integration method. For implementation of the recent technique, the value of T is obtained from the issue 6-3-13 in [11] , based on which, and Eq. (2), the parameter of the technique, n, is selected satisfying
Besides, for the sake of completeness and, in view of Figure 3 , the case
is also numerically studied (see Figure ( 3). 
Numerical results
In this section, the results obtained for the ten-story building with dual system (structural system (c) introduced in the previous section) and five five-meter bays in each horizontal direction is pictorially reported, first; see Figures 4 and 5. Then, the detailed results of the thirty buildings are stated in Table 3 -6. In view of the fact that the reduction of computational cost corresponding to each row of Tables 3-6 is at least 50% (see Figure 3) , and that Tables 3-6 report deviations from conventionally obtained responses, not the corresponding errors, and finally, that the numerical values, in these tables, specifically those in correspondence to 2  n , are practically considerably small, the reported observation reveals the good performance of the recent cost reduction technique regarding residential buildings.
Discussion
The reported approximations of the results indeed imply a combination of the adequate performance of the recent technique and the good approximation obtained for T from the antiseismic code [11] (the latter can explain the few larger deviations in Tables 3-6) . Regarding the latter, exceptional are the results corresponding to 2  n (see the last columns in Tables 3-6) , where, n is not computed based on Eqs. (2) 
Recent technique considering n=2
Recent technique with n set according
Recent technique with n=2
Five floors, four four-meters bays, and structural system (a) Table 3 : Deviation from the conventionally computed top displacements in terms of the L ∞ norm (%), when the excitation is as noted in Figure 2(a) . from which
can be obtained in agreement with Eq. (4).
Conclusion
The performance of a recent technique for more efficient seismic analyses [18] is studied when implemented in time integration analysis of thirty six residential buildings designed according to seismic codes [11, 33] , and the observations are theoretically explained. In conclusion, the parameter of the technique, n, can be set, with attention to the least dominant period approximately obtained from the anti-seismic code [11] , leading to appropriate results regardless of the structures. Nevertheless, it is more practical, to upper bound the cost reduction to 50%, and with no a priori knowledge about the excitation or structural system, arrive at responses, in trivial deviation from the conventionally computed responses. Table 4 : Deviation from the conventionally computed base shears in terms of the L ∞ norm (%), when the excitation is as noted in Figure 2 (a).
Recent technique with n set accordingly

Recent technique with n=2
Five floors, four four-meters bays, and structural system (a) Table 6 : Deviation from the conventionally computed top base shears in terms of the L ∞ norm (%), when the excitation is as noted in Figure 2 (b).
